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"A Physician is the Mknisteor and Interpreter of Nature: . . zmless he obeys Nature,
be cannot goveem her."
-BAGLIVI.
MAN has, since prehistoric times, sought to explain the natural phenomena of the
world in which he lived in terms which he found most easy to understand.
What we call the scientific discipline was evolved as a purposeful and basic
method which made it possible to give unity and intelligibility to the facts of
nature. rhis method utilises observation, measurement, reflection, and experiment.
When first applied in the natural sciences, knowledge quickly followed, for
the problems in these fields could be readily confined and the environmental
factors controlled.
The situation in the biological sciences was less simple, but in none of the
branches of this science was it as difficult as in medicine. Here human beings
were involved who were incapable of complete isolation from both their external
and internal environments and because of the claims of ethics precluded from
experiment.
If we trace the application of the scientific discipline to medicine, we will see,
nevertheless, how it has been responsible for much of the progress which has
been made. We will also see how this has led medical men to seek to explain first
the structure, then the function, and lastly the dynamics of the human body.
At the same time, as the tools and technology of science improved, it became
possible to studv progressively smaller sub-units. First the body, then the organs,
then the cells composing the organs, and lastly the intracellular components.
I wish to present the growth of medicine under the influence of science, to
deal with ideas and principles rather than details of practice, and to take examples
to illustrate the more recent advances from that branch of medicine with which
I am most familiar-namely disorders of the blood.
A thousand vears before the birth of Christ western medicine began in Greece.
At that time the supremacy of Grecian culture was built on its serenity, its
scholarship, and its spirit of freedom. Its medicine was originally a mystical
cult derived from the rites of initiated sects and practised in the temples of
]Esculapius. The phvsicians were priests who interpreted the dreams of patients
admitted to the temples and supplemented these by clinical observations. Prayer
and sacrifice were part of the ritual and the sacred snake was the emblem of
healing.
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GSome two centuries later, in the time of our founder-father Hippocrates,
medicine freed itself from religious domination and the dual role of priest-doctor,
common in all primitive cultures, was broken. As a consequence, superstition and
magic, as a cause of disease, were rejected. Hippocrates, for instance, said of
epilepsy, long regarded as of supernatural origin, "It is not, in my opinion, any
more divine or sacred than other diseases, but has a natural cause."
The writings on Greek medicine of this period are preserved in the Corpus
Hippocraticum, a collection of works which include books on anatomy, on
clinical medicine, and on ethics. A wit once said, regarding the poems of Homer,
that they were not written by him but by another man of the same name. This
might likewise apply to the Hippocratic writings, for during the period that the
collection of works were written, there were seven physicians who bore the
name of Hippocrates. It is generallv agreed that the Father of Medicine was
Hippocrates the Second.
For those about to embark on a study of medicine, Hippocrates had this to
say, "He who wishes to acquire exact knowledge of the medical art, should
possess a natural disposition for it, should attend a good school, should have a
desire to work, and the time to dedicate to his studies."
Although Greek medicine has always been regarded as an empirical art, it
recognised the necessity for a wide knowledge of the natural sciences, the need
for keen observation, and a logical process of reasoning. It took as its aim the
alleviation of suffering by the utilisation of the natural forces of the body. Thus
under the influence of Hippocrates, medicine became a clinical science and no
longer a mystical cult.
As the centuries passed, the purity of the Hippocratic code was debased by
a dogmatic superstructure which was founded on the shifting sands of speculation
rather than the solid rock of observation.
It was the scholars and artists of the Renaissance who restored observation
into both art and science.
Modern medicine was born in the anatomical amphitheatre of the old University
of Padua. It was here that Andreas Vesalius, the brilliant young Professor of
Anatomy, carried out his public dissections and taught his students. In the year
1543, when he was 28 years of age, he published his great book-De Humani
Corporis Fabrica. This book is an object lesson in scientific writing, not only for
its correct observations and valid deductions, but also for the excellence of its
illustrations. In this book Vesalius corrected many errors which existed in older
text books of anatomy and flatly contradicted statements made by Galen. As
a result, he was angrily attacked by all the leading medical scholars of his day
who branded him a presumptuous upstart. Being of a sensitive nature, Vesalius
was so upset he impulsively resigned his Chair of Anatomy, burned all his
collected notes and left Padua for ever to become a court physician.
"De Humani" was the foundation of an accurate study of the structure of the
human body-the first of the medical sciences. There are, no doubt, some in the
audience who would consider that historical priority has been responsible for
anatomy being given such importance in our undergraduate medical curriculum.
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Harvey the basic scientific precepts which enabled him to make his momentous
discovery-the circulation of the blood. The publication, in 1628 by Harvey,
of his treatise "De Motu Cordis" was the beginning of a scientific study of normal
bodily functions. The practice of medicine cannot, at that time, have been very
scientific, for a contemporary and namesake of Harvey classified the physicians
of his day into:
Metal doctors-who cure all diseases with
preparation of iron and copper.
The medical ass-drivers-who put all their
patients upon a diet of asses' milk.
The medical water-bailiffs-who drench their
patients at the mineral springs.
The butcher doctors-who always bleed their
patients.
The muck doctors, illustrious in their numbers-
who expel diseases by purgation.
Nevertheless the seventeenth century was a period in English history during
which mythology, astrology, witchcraft, and the acceptance of ancient writings
were all coming under careful and critical scrutiny. The Reformation had
introduced a challenging spirit which stimulated personal investigation and respect
for the individual conscience.
Once anatomy and physiology had been established, knowledge was needed
about the body in disease. This gap was bridged in the eighteenth century by
another gifted member of the staff of the University of Padua-Giovanni Battista
Morgagni. He performed an enormous number of post-mortems and kept careful
case records. Shortly before his death the results of his studies appeared in a
work entitled-"On the sites and causes of disease," in which he established a
correlation between the symptoms during life and the appearance of the body
organs after death. This concept is still utilised to this dav bv every doctor who
attempts to explain the symptoms of disease in terms of a lesion in the body
organs.
Although we have become ever more accustomed to think in terms of organ
pathology, we must widen our horizon to include pathological processes in body
tissues. This idea was put forward by the great doctor Brissaud, it helps us to
understand many widespread diseases with bizarre clinical manifestations, e.g.,
such diseases as affect the blood-forming organs can only be explained on the
basis of a disorder, not of a single organ, but of a widespread body tissue.
This, then, was the beginning of the science of disease processes. It was at
first morbid or pathological anatomy-a purely naked-eye descriptive discipline.
As knowledge grew, it became evident that some new and unifying idea was
needed. This came with the concept of the cell as the ultimate basis of life-as
the biological unit of both structure and function. This advance was made possible
by discoveries in other fields-in optics and in chemistry-by the introduction
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Hof the compound microscope and the aniline dyes. Now fixed tissues could be
stained and examined in detail under the microscope. Such studies revealed
specific and identifiable inner structures within the cell.
The application of the cell theory to disease in man was largely the work of
Virchow. In his studies of diseased tissues, he utilised the cell theory to explain
what he found. He regarded disease, not as a disturbance of the bodily humours,
as depicted by Galen, but as a malaise affecting the individual cells of the body
organs. "To understand disease," he said, "we must study the organisation of
these cell states, and the differing forms of harmony, anarchy, and revolution
to which they are prone." This established the field of correlation, not only
between the clinical symptoms and the affected organ, but between the disease
and the microscopical changes in the cells.
This marked the beginninlg of the period of the intellectual supremacy of
German scientific thought; a period which had as its aim the unravelling of the
mystery of the smallest biological subunit using chemistry as its main tool, and
microscopy as its probe. It laid the foundations of histology, histochemistrv,
and cellular pathology. It paved the way to the science of microbiology and to
the discovery of the causes and control of infective disease.
The "cell states, where every cell is a citizen," pictured by Virchow, prompted
others to study the individual body cells more closely. Among the cells which
were so studied were those of the blood. This was a fluid invested with magical
properties and around which highly speculative theories had been built. Now the
opportunity presented itself to draw aside the veil and to penetrate the mystery.
The red cells had been seen by the discoverer of the microscope, the draper
of Delft, Antony van Leewenhoek, a man with no preconceived ideas, but a keen
observer. He described his findings in a communication to the Royal Society
of London in 1674 as follows:
"I have diverse times endeavoured to see and to know what parts the blood
consists of, and at length I have observed taking some blood out of my hand,
that it consists of small round globules driven throught a crvstalline humiditv
of water."
But the time was not ripe for men of science to accept microscopy as a
technique of practical application in medicine, largely because physiological and
biochemical knowledge was inadequate to allow the technique to be exploited.
The difficulties are best expressed in the words of a nineteenth-century worker,
Hewson, who said:
"When we consider how many ingenious persons have been employed in
examining the blood with the best microscopes, it will appear wonderful
that the figure of these particles should have been mistaken. But our wonder
will be lessened when we consider how many obvious things are overlooked
until our attention is very particularly directed to them; and, besides the
blood in the human subject is so full of these particles that it is with great
difficulty we can see them separate unless we find out a method of diluting
the blood. It is to such a discoverv that I attribute mv success in this
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human body, it appeared a confused mass. I spread it thin on a glass.
It then occurred to me to dilute it, not with water, for this I knew
dissolved the particles, but with serum, in which they remained undissolved.
With the serum I could dilute it to any degree, and therefore could view
the particles distinct from each other. In these experiments I found that
these particles of the blood were as flat as a guinea. I likewise observed
that they had a dark spot in the middle which Father de la Torre took for
a hole. But upon careful examination I found it was not a perforation, and
therefore, that they were not annular."
This was an important contribution to knowledge reported in lucid prose. The
prose has a poetic ring-a personal quality-and is at the same time precise.
Today somewhat stereotyped scientific publications are pouring from the presses
of the great printing houses. Their lack of individuality in both method of
presentation and style of writing results in a somewhat standardised product
which is the hallmark of our age.
The recognition of the cells in normal blood and their relative proportions was
the first step. Further progress had to await the application of staining techniques
which were already in use in general pathology. The person who applied these
methods to the study of the cells of the blood was Paul Ehrlich, regarded by
many as the greatest scientific worker in medicine in the past century and by all
as the Father of Hxmatology.
Whilst still an undergraduate, Ehrlich wrote a paper on the use of aniline dyes
for staining and elaborated a chemical theory to explain why the different tissue
elements were selectively stained. He then proceeded to stain and to describe
the cells of the blood. This was the golden key which unlocked the door to
progress in hamatology. "Haematology at once threw off its colourless shackles
and dazzled its devotees with dazzling colours." Many were attracted to a study
of disorders of the blood by the beauty of the stained preparations. It is interest-
ing to record that Dr. J. Rankin, a former member of the staff of this hospital,
worked in Ehrlich's department, and helped to introduce his staining methods
into our laboratory practice here.
Paul Ehrlich had introduced the era of descriptive haematology and out of the
polemics and publications of this period there gradually emerged an idea of order
-the first of the basic ideas central to science.
One of the cells described by Ehrlich was the megaloblast-a red cell precursor
found in the blood and bone marrow of patients with pernicious anamia. This
cell was peculiar because it had an abnormal nuclear structure. Why it was
abnormal was not understood, but in science "the study of things caused precedes
the study of the causes of things."
The discovery of the cause of this megaloblastic change marks the next step.
It introduces the era of pathophysiology which attempts to explain the mechanism
responsible for structural alterations. In the early part of this century, European
hamatologists were engrossed in blood cell structure. But in the New World
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clinical investigators.
Following the experimental demonstrationi of the beneficial effect of liver
treatment on the hanmorrhagic antmia of dogs, the effect of a diet of liver was
tried empiricallv on pernicious anaemia patients with dramatic effect. In the
following year, in the records of this hospital, it was reported that--'Dr. Houston
had carried out a therapeutic trial of liver extract in the treatment of pernicious
anamia, an outcome of the work of Minot and Murphy of Boston, and reported
on the revolution this treatment has produced in pernicious anamia." This was
but one of many contributions Sir Thomas Houston made to medicine. He was
appointed as hamatologist to the Royal in 1905, and this antedates by many years
any similar hospital appointment anywhere in Great Britain. He was, during
his long working life, the father-figure in hospital laboratory medicine and saw
it develop from the obscurity of a back room to an inmportant diagnostic service.
His personality and achievements live on in the memory of those who knew him
and his likeness is preserved for future generations in the fine portrait which
haiigs close to the laboratory in which he worked.
The discovery of liver treatment revitalised hxmatology. It placed the emphasis
on disturbed function rather than disordered structure. It started a search for
the active factor in liver which was curative in pernicious anamia. Finally,
research chemists discovered a red-coloured cobalt-containing substance which,
in minute doses, was effective in pernicious anamia patients. Vitamin B12 had
been isolated. Here was a substance which changed abnormal blood cells back
to normal, which restored the distorted nucleus of the red cell precursors and
cured the clinical manifestations. In this age of therapeutic miracles, we tend
to accept such an event with little excitement. Yet this discovery was of profound
significance. It demonstrated how a single chemical substance could restore both
the structure and the function of pathological cells in the living body.
The chief function of Vitamin B12 is to act as a cell nutrient to assist in the
synthesis of protein. The blood is a fairly sensitive barometer of the deprivation
of such necessary raw materials. This is due to the fact that the cells of the
blood-forming tissues are in a constant state of active division. To maintain a
steady cell population in the peripheral blood the bone marrow has to produce
enough cells each day to replace normal losses from wear and tear. This means
an output of nine thousand million cells every hour of the day and night.
This phenomenal production effort cannot be maintained unless the essential
components the cell nutrients-are supplied. The main cause of deficiency is
a long-continued interference with absorption from the intestinal tract. This is
what occurs in pernicious anaemia. As a result, protein synthesis in cells is impaired.
This affects particularly the formation of nuclear protein. As a result, the nuclear
structure of red cell precursors is abnormal and this can be recognised under the
microscope.
The red cell precursors in the bone marrow continue to divide, but do so
in a frenzied and disorderly way. The output of distorted mature cells is in-
sufficient to maintain the cell population of the peripheral blood. The mature cells
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are rapidly destroyed by the buffeting they sustain in the blood stream and
survive only for a short time. The result is a severe form of anxmiai-a form
of anemia which was called "pernicious" because it used to have a poor prognosis
for the patient. But pernicious anxmia is no longer "pernicious" for it is entirely
controllable by the constant administration of adequate amounts of Vitamin B,2.
Thus the recognition of an abnormal red cell precursor by Ehrlich, the
demonstration of the cause of this change by the therapeutic effect of liver, the
chemical isolation of the potent factor in liver have led us, step by step, to the
basic biochemical defect responsible, not only for the structure change, but also
for the functional disturbance affectinig the cells in this disease.
The living cell has a bodv composed largely of protein with which are
associated many enzvmes. These enzymes promote the biochemical processes
within the cell. But the cell is not just "a fermnentation vat." It is a "highly
organised chemical factory with elaborate assembly lines," which continuously
convert raw materials into food and energy. These metabolic functions of the
cell are programmed by the nucleus.
It has now become commonplace to seek some disturbance of intracellular
metabolism as the cause of disease. In the elucidation of these problems the
biochemists have brought their special skills to bear. Of the many metabolic
processes which occur within a living cell, two are essential and basic. These are
self-perpetuation and auto-regulation.
Self-perpetuation implies the ability of the cell to reduplicate itself to the last
ultimate detail. The transmission of distinctive characteristics to daughter-cells
during the process of cell division is a property of the genes.
One of the normal characteristics which is transmitted in this way is our blood
group. This follows a rigid pattern of inheritance. Consequently knowledge of
blood groups is of value to the geneticist in family studies and in the frequency
association of certain diseases. As blood groups are relatively stable inherited
traits, they are passed on from one generation to the next in the same proportion.
As a consequence, blood group distributions can be used by the anthropologist
in population surveys. Such a study carried out in Cyprus showed that the blood
group pattern of the two main racial groups was similar, suggesting a common
ethnic origin. Cypriot Greeks and Cypriot Turks, whatever their political
affiliations, would appear to be brothers under the skin. Apart from these
applications, knowledge about blood groups is of great practical importance in
making blood transfusion possible and safe.
It has been shown that blood groups are highly complex and human red cells
possess a large number of blood group systems. At first it was thought that blood
group substances were found only on red cells. It was some time before it was
realised that these antigens were to be found in cells widely distributed through-
out the body. As a result we have come to recognise that the surface of all cells
is a mosaic of chemical compounds intimately bound to the underlying protein.
Their number and complexity suggests that each one of us has a cellular chemical
composition which is as individual as our thumbprint.
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But the genes can be altered either by spontaneous mutation or by physical,
chemical or biological agents. Such defective genes will transmit the wrong kind
of information. There is, for instance, a gene responsible for the shape of the
red cell. Normal human red cells are biconcave discs but if the genetic
determinant is abnormal the red cells mav be oval or spheroid in shape.
The appearance of genetically induced spherocytic cells produces a well-
recognised congenital and familial form of haemolytic anamia. A nineteenth-
century worker said of the red cells in this disease, "The sphericity and the
small size are the dominant characteristics. When these red cells pass through the
splenic pulp they fall into obsolescence, being taken away from the active
circulation."
Occasionallv a somewhat similar but sporadic form of hemolytic an:emia also
occurs in adults. At first the cause of this type of acquired hemolytic anaemia
was thought to be some unknown intrinsic red cell defect. Experimental work
showed that the defect was not in the red cell, but was in the plasma. An
important link in the chain of evidence was forged when it was demonstrated
that experimental haemolytic anamia could be produced in animals using an
anti-serum prepared against their red cells. It was then postulated that a similar
mechanism might be responsible for hamolytic anamia in man, but here the
antibody must be self-produced. This introduced the idea of auto-immune diseases.
The possibility of autoimmunity has been strenuously opposed. Paul Ehrlich
referred to it as the "Horror Autotoxicus," and said, "No living organism would
be capable of producing-or would dare to produce, if you wish-an antibody
against constituents of its own body, for this would be incompatible with life."
It seems, oni the face of it, a great biological mistake for the body to be capable
of elaborating antibodies against its own cells. For normal body cells are
considered to carry, among their antigenic material, a 'self marker' which enables
the antibody-producing tissues to recognise its 'self.' However, it is now known
that the 'marker' can be defaced either bv chemical additions, by adherent virus
particles or by the products of disease, so that it becomes 'non self.' It is then
treated as foreign and stimulates an antibody response.
The whole theory of autoimmunisation has been extended to explain the
mechanism for a number of diseases. Indeed, it may be found to be a basic
biological process in the genesis of malignant disease.
While one essential function of a cell is a gene-dominated process of self-
perpetuation, the second basic function is auto-regulation. By this we mean the
abilitv of the individual cell to regulate its own complex biochemical processes
by some built-in, self-monitoring system. This is so organised that the cell is
capable of maintaining its functional stabilitv even in the face of highly
destructive forces.
In the investigation of disorders of intracellular metabolism, the biochemist has
been greatly helped by the introduction of radioactive tracers which can be used
as 'labels' to allow the process to be closelv followed at every stage. But radio-
active isotope tracers are not just research tools, thev have become part of our
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from different disciplines are brought together. Clinicians, chemists, and physicists
work as a team to attack the biological problem on a broad basis. In both medical
research and medical practice this type of scientific teamwork forms the
prevailing pattern.
In 1845 Virchow published a case report of a patient with what he called
"white blood" as microscopical examination showed the blood to consist mainly
of white corpuscles. He had, in fact, described a case of leukxmia. Although
Virchow recognised leukamia as a definite pathological entity, he himself admitted
that this was not the first case to be observed. Many years previously Velpeau
had reported a patient, a 63-year-old florist and seller of lemonade, . . . "who had
abandoned himself to the abuse of spirituous liquor and of women, without,
however, becoming syphilitic." This man had an enormously enlarged liver and
spleen and blood which, because of the number of white cells, resembled gruel.
Leukaemia is a disease, like cancer, in which there is a purposeless and pro-
gressive proliferation of primitive blood cells which grow at the expense of other
body cells and regardless of their needs. "The fundamental cause of leukzmia
is to be sought in the larger mystery of the cause of cancer."
The treatment of leukamia has been approached in a number of different ways.
As the disease is associated with rapid cellular multiplication, it is possible, by
using ionic radiation as X-rays or radioisotopes, to inhibit cell division. This
method of attack has been successful, both in cancer and chronic leukaemia.
The disease called 'acute leukemia' is greatly dreaded because of the rapid and
often insidious generalisation of the leukaemia process. To treat this form of
leukxmia with ionic radiation would require the widespread application of a
heavy dose to the whole body. In the process of attempting to kill the malignant
cells it is more than likely that normal body cells would also be damaged. The
most susceptible body cells are the blood cell precursors in the bone marrow,
which might be damaged beyond the point of spontaneous repair. It was suggested
that it might be possible to treat patients with acute leukxmia by massive radio-
therapy and theni to transplant bone barrow from healthy donors. This would
kill the malignant cells and provide blood-cell forming tissue. Preliminary
experiments on leukaemic animals treated in this way supported this view.
This method of treatment has been carried out on a number of patients. So
far success has not been achieved either because the transplanted marrow has
failed to survive or because the malignant cells begin to grow after a period of
suppression. The failure of the transplanted marrow homograft to grow is ex-
plained by the fact that (apart from identical twins) the cells of two people are
unlikely to be identical. The donor cells are regarded as 'foreign' in the body of
the host and are rejected. The reactivation of the leukamic process after its
apparent disappearance would suggest that the potentiality for malignant change
must reside in the most primitive precursor cells which are not affected by the
radiation.
This is the chemotherapeutic age. It was ushered in by no less a person than
Paul Ehrlich, who discovered a chemical compound which would cure syphilis.
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and antiparasitic substances. The chemists were not long in producing first the
sulpha-drugs and then the antibiotics-an ever-increasing cloud of compounds
varying in specificity and range of activity. The present chemotherapeutic era
has been highly successful in controllinig infective diseases. Its application to
non-infective disorders is not so simple, for the cells being attacked are not
dissimilar organisms but modified body cells. If chemotherapy is to be successful
in the treatment of leukemia, the antileuk2niic agent must have a selective action
on leukamic cells. It has been shown that leukxmic cells differ in their metabolism
from normal cells. This makes it possible to develop agents which act solely or
mainly on the malignant cells and spare the normal body cells. These agents act
by inhibiting the biosynthesis of certain essential cell nutrients. They have a
close chemical resemblance to some known biological substance such as a vitamin,
a hormone or a building stone of nuclear protein. They behave somewhat like
a false key which, although it fits into a lock, cannot open it. So the antileukxmic
drug 'may fit into some biological binding site and displace some natural substance
without being capable of fulfilling its function.' This deprives the cell of an
essential metabolite and the drugs are therefore called antimetabolites.
Chemotherapy of leukxmia is not always successful. In some forms of the
disease the results achieved are most gratifying while in acute leukamia temporary
control is possible, but we cannot talk in terms of cure. Nonetheless, the
introduction of antileukzmic agents has increased the eventual hope of cure.
In the search for the causes of disease, attention is being more and more directed
towards the chemical components which form the structure of our body cells.
Research workers have tackled the difficult problem of unravelling the mystery
of the molecules of living cells.
The main protein constituent of the human red cell is the red-coloured
compound hamoglobin. The production of hxmoglobin is under genetic control
and a faulty gene may transmit the wrong iniformation for himoglobin synthesis.
This may result in some or most of the htmoglobin in the red cells being different
from normal. This abnormal hamoglobin may have deleterious effects on the
survival of the red cell and lead to anaemia.
For instance, an abnormal hxmoglobin, called sickle-cell haemoglobin, has
a tendency to 'crystallise' when the oxygen tension is lowered. This distorts the
red cell and makes it a sickled shape which impairs its survival. Furthermore,
the sickled cells stick together, and cause vascular obstruction. This causes a form
of hamolytic anaemia which is common in the negro race.
Research workers set out to discover why h:emoglobin S differed from normal
adult hoemoglobin. It was found that when normal hoemoglobin and hamoglobin
S were chemically tested, they were similar. However, when subjected to physical
testing they differed. Further analysis of haemoglobin S showed that the protein
component was comprised of the correct number of aminoacids but the sequence
of the units was different. They had different polypeptide chains. This did not
affect the chemical composition but changed the physical response. Studies on
other variant forms of hamoglobin have shown specific changes in the polypeptide
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malities are genetically determined. This major break-through in biochemical
genetics would not have been possible without the help of the sister sciences of
physics and chemistry.
While the delineation of diseases which are due to genetic abnornmalities is a
first step, what is of fundamental importance is to discover how the gene
transmits the information from one generation of cells to the lnext. Work carried
out in the mid-twentieth century has shown that genes control the intracellular
enzymes responsible for the metabolic processes. Furthermore, it is probable
that there is one gene for each enzyme. Thus in the cell, each working enzyme
has its own gene as a personal executive. This theory has been made much more
specific by the studies on variant hamoglobins for these have shown that the
gene determiines something more fundamental, namely the aminoacid composition
and sequence in proteins. Thus the 'one-gene, one-enzyme' theory has had to be
replaced by the more specific 'one-gene, one-protein' theory.
It was reasoned that the chemical structure of the gene could not be a complex
of small molecules as otherwise its properties would depenid on the average
behaviour of its componenits. The gene mnust be a single large molecule. This
would ensure stability and permanence. Gradually the chemical structure of the
gene has been elucidated. The genietic substance is in the nucleus. The nucleus
contains a protein called, for convenience, 'niucleic acid.' This nuclear protein
consists largely of desoxyribonucleic acid. This D.N.A. is a long chain-like
structure made up of thousands of sub-units which are linked together. These
sub-units in their turn are composed of four different aminoacids which are
arranged in varying combinations. The chemnical coding of hereditary infor-
mation is written in the sequence and order of the aminoacids in the D.N.A.
chain.
The genes are the basic material responsible for both the chemical make-up
and the functional integrity of our body cells. Scientists have perfected means
of studying the gene carriers or chromosomes of the cell nucleus. They have
correlated the number of chromosomes and their pattern with disease states.
Already in this field of cytogenetics many exciting discoveries of clinical
importance have recently been made.
What lies in the future is the more difficult problem of localisation of each
gene on the nuclear chromosomes. When this has b.een done it should then be
possible to isolate and analyse the genies and decode their chemical information.
We will then be moving towards the ultimate in biological engineering which
is to manufacture mani-made genes with synthetic D.N.A. so as to provide the
cell with its correct chemical code. This is, at the moment, still in the realms of
science fiction, but may well become scientific fact.
In this presentation of the effect of science on medicine I have used a broad
canvas, but I have not tried to paint a picture which is complete in everv detail.
I have, instead, attempted to obtain perspective on the subject bv the presentation
of ani outline. The very fact that strong hamatological highlights were used
suggests some degree of conscious bias.
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from speculation to observation; from detailed description to clinical correlation;
from appreciation of disturbed form to understanding of disordered function;
from theories of causes to their proof by experiment or by clinical experience.
These advances have followed the application of the scientific method which
changed medicine from an empirical art into a biological science.
Modern men of science differ from medieval scientists and ancient philosophers,
for it has become essential, in science, to separate off circumscribed areas of the
universe for special consideration-for scientists to become chemists, physicists,
astronomers, botanists, physicians, and so on. By doing this, the modern scientist
tends to base his experience of the world "on an artificially separated fragment
of experience." The somewhat condensed version of the evolution of medicine
which I have attempted is likewise far from complete. Its very orientation tends
to present man as a colony of cells and knowledge of disease as being explicable
on an understanding of disturbances of cell function. This is far from the truth.
Nevertheless it is clearly apparent that a summation of knowledge of what is
happening at the cellular level will eventually help us to understand more about
the diseases which afflict man.
To study disease requires not only an investigation of the patient as a whole
but also the disturbance of the cells of which he is composed. Consideration of
one without the other is as illogical as trying to separate the theory of medicine
from its practice.
Throughout the changing years medicine has been practised by men of wide
culture and a strong sense of vocation; by skilled physicians whose limitations
were those imposed by the available knowledge in their time. Chaucher, for
instance, describes the Doctor in the Pardoners' Prologue as one who "was a
very parfait practisour, the cause he knewe and of the cause the roote." Even
at the beginning of this century, knowledge about disease and its treatment was
limited. Today the picture has changed. Knowledge has increased, highly
complex instruments to assist in diagnosis and management are in daily use,
therapeutic agents are more effective, and intricate biological techniques are
being increasingly utilised. Science has permeated the very fabric of modern
medical practice.
Medical men of every generation have been tempted to look back with pride
on the progress which has been made in their time. The form of words used is
strangely evocative. Listen to what Osler said in his day:
"Never has the outlook for the profession been brighter. Everywhere, the
physician is better trained and better equipped than he was twenty-five
years ago. Disease is understood more thoroughly, studied more carefully,
and treated more skilfully. Diseases familiar to our fathers and grandfathers
have disappeared and the public health measures have lessened the sorrows
and brightened the lives of millions."
Such pride in corporate knowledge is permissible to the older generation.
Individual pride in personal knowledge is the privilege of youth. Then the
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power corrupts. It can only be stayed by weight of years or the acquisition of
humility. The practice of medicine will teach humility. There are occasions when
the doctor is faced with a human situation where all the knowledge and all the
acquired skills will prove inadequate. These apparent failures of medical science
should serve as a spur for further research.
Medicine is a calling: a calling in which men practise a learned profession,
acquire scientific knowledge and technical skills, and apply these in the public
service for the benefit of the sick. At the same time there is in medicine a great
tradition of duty-a duty of the doctor to his patient, to the medical profession,
to the public whom he serves and to science as a whole. His patient is his first
duty, and in this the physician is conditioned by a variety of cultural forces.
These begin during the period of undergraduate instruction, for the medical
faculty is not just an educational establishment-it is a cultural institution. Here,
along with the formal education, there is inculcated the sense of being part of
a learned profession with a strong vocational tradition. This attitude is reinforced
once the student starts the clinical part of his course, for he will be then exposed
to the influence and teaching of practising physicians and surgeons. These clinical
teachers will, by their example and precept, portray the high humanistic values
of medicine. This will serve to strengthen the ties between the young AE:sculapian
and his professional responsibilities.
The practice of medicine today requires a wide grasp of the fundamental
processes which occur in disease. It demands the utilisation of all the technical
advances which are now available. At the same time the patient, as a person,
must not be forgotten. There has always been a fear which I think is quite un-
founded, that in medicine the promotion of science will demote the patient.
This was expressed over a hundred years ago by Trousseau, who said:
"Cellular pathology makes you forget the human being, makes you think
onlv of cells, and vou get lost in the abvss of the infinitely small."
But this is not so. There is in medicine no real conflict between science and
sympathy.
Although the emphasis is now on medicine as a biological science, art still
remains. For the art of medicine is to utilise and apply biological science in
order to relieve human suffering.
Medicine is today at the crossroads. It is like Janus, the guardian of the
doorway, for it too looks both ways-behind at its glorious past-at a traditional
humanistic art, and forward at our modern medicine which is largely a biological
science. But neither the ancient art of medicine nor its modern science is enough
unless transcended by love of humanity.
This was never better expressed than by Mahomet, who said: "He who has
restored life to a man shall be accounted as if he had restored life to humanitv."
85
L